is classically used to evaluate responsiveness of poststimulation of angiotensin receptors transfected in fisynaptic DA receptors (Wilcox et al., 1980) . Injection broblasts has been shown to result in the activation of of apomorphine (3 mg/kg, s.c.) to habituated βArr2-KO extracellular-signal-regulated kinases (ERK1/2) followmice led to only a marginal increase in vertical activity ing the formation of protein complexes including (climbing), while wt were strongly responsive to this treatment ( Figure 1D ). β-arrestin 2, ERK1/2, and ERK regulatory kinases (Luttrell The role of β-arrestin 2 in DA-dependent behaviors et al., 2001). Moreover, β-arrestin-mediated GPCR sigwas further examined using DAT-KO mice, a genetic naling displays slower and more sustained kinetics model of enhanced dopaminergic neurotransmission. than G protein-mediated signaling in transfected fibro-DAT-KO mice develop DA-dependent locomotor hyperblasts (Ahn et al., 2004). Nevertheless, the involvement activity when exposed to a novel environment (Gainetof β-arrestin-mediated GPCR signaling in physiological dinov et al., 1999; Giros et al., 1996). Mice lacking both paradigms associated with slow synaptic transmission DAT and β-arrestin 2 expression (βArr2-KO/DAT-KO) has remained unexplored. Interestingly, our preliminary were generated through crossbreeding of DAT-KO and observation in mice lacking β-arrestin 2 (βArr2-KO βArr2-KO mice. βArr2-KO/DAT-KO mice are viable and mice) suggested that lack of β-arrestin 2 may reduce do not present obvious abnormalities beyond those dethe expression of some DA-dependent behaviors scribed in parental strains (Bohn et al., 1999; Giros et ). Here we used a functional in al., 1996). Like mice lacking the DAT, these double muvivo approach in intact mice to examine the contributants display spontaneous hyperactivity in a novel ention of β-arrestin 2-mediated signaling to the regulation vironment in comparison to both wt and βArr2-KO of Akt by DA. Our results show that β-arrestin 2 is littermates. However, locomotor activity of βArr2-KO/ essential for the inactivation of Akt by DA and the full DAT-KO mice was significantly lower in comparison to expression of behavioral responses to the dopaminergic DAT-KO littermates ( Figures 1E and 1F ), while the level drugs apomorphine and amphetamine. Moreover, the of stereotypy was similar (data not shown). function of β-arrestin 2 in this system is mediated through Altogether, these behavioral observations indicate the formation of a new type of signaling complex insignificant disruption in expression of DA-associated volving β-arrestin 2, Akt, and protein phosphatase 2A behaviors in the absence of β-arrestin 2. This can (PP2A) in response to DA receptor activation. These rehardly be explained by the classical role of β-arrestins sults provide in vivo evidence for a function of β-arresas mediators of GPCR desensitization. Under this paratin 2 as a kinase/phosphatase scaffold involved in DA digm, a lack of β-arrestin 2 should result in enhancereceptor signaling and the biology of slow synaptic ment of DA receptor signaling and behavioral response to DA (Gainetdinov et al., 2003) . Rather, these findings transmission. Figures 2E and 2F ). In contrast, administration of these two drugs had no effect on striatal phosphotion was reduced in DAT-KO mice as compared to their wt littermates ( Figures 2G and 2H ). However, no differThr308-Akt in βArr2-KO mice.
To substantiate these pharmacological observations, ences in Akt phosphorylation were found between βArr2-KO/DAT-KO mice and their βArr2-KO littermates we compared phospho-Thr308-Akt levels in DAT-KO and βArr2-KO/DAT-KO mice. Our previous observations ( Figure 2G and 2H).
To examine whether the dynamic of Akt regulation by revealed an inhibition of Akt signaling in response to β-arrestin 2, we verified whether recombinant glutathiand 4F, administration of the PP2A inhibitor fostriecin one S-transferase β-arrestin 2 (GST-βArr2) could into amphetamine-treated wt mice resulted in a specific teract with striatal PP2A and Akt. PP2A is a multimeric enhancement of Thr308-Akt phosphorylation, thus indiprotein complex formed by the assembly of a structural cating that β-arrestin 2-mediated deactivation of Akt by DA involves PP2A.
A subunit, a catalytic C subunit, and one of a variety GST-βArr2 and GST-βArr1 were then incubated with tent coimmunoprecipitation of PP2A subunits ( Figure  6D ). In contrast, immunoprecipitations carried out with recombinant in vitro-phosphorylated human Akt1 to assess whether Akt can directly interact with β-arrestins mice lacking β-arrestin 2 revealed a dramatic reduction in the amount of PP2A subunits interacting with Akt in in the absence of other proteins. Western blot analysis and Coomassie blue-stained SDS-PAGE from GST-pullthe striatum of these mice ( Figure 6D ). This reduction was not associated with changes in Akt or PP2A subdown eluates revealed a copurification of phosphoAkt1 with recombinant β-arrestin 2 and, to a lesser exunit levels in βArr2-KO mice, thus indicating that signaling mechanism that involves a previously unidenteraction of Akt with a targeting B subunit and the catalytic C subunit of PP2A in response to DA (Figure 5-7) . tified β-arrestin/kinase/phosphatase signaling complex. These results provide direct physiologically relevant β-arrestins can act as positive mediators for signaling, leading to activation of protein kinases such as evidence that β-arrestin 2 participates in slow synaptic transmission by acting as a scaffold for signaling mole-ERK1/2 and Src through protein scaffolding in cell-culture systems (Lefkowitz and Shenoy, 2005) . However, cules in response to GPCR activation.
The signaling mechanism described here involves the in vivo physiological relevance of β-arrestin-mediated signaling in vivo has remained unclear. Our obserthe formation of a protein complex comprised of at least Akt, β-arrestin 2, and the multimeric protein phosvations in mice provide direct evidence for the involvement of β-arrestin-mediated signaling in a physiological phatase PP2A ( Figure 7E ). Mice lacking β-arrestin 2 display reduced responsiveness to dopaminergic drugs paradigm, namely, dopaminergic slow synaptic transmission. In doing so, these results also introduce the and exhibit lower locomotor activity during the initial phase of habituation to a novel environment (Figure 1) . concept that β-arrestin 2 is not only involved in the positive regulation of kinase activity but can also mediate Moreover, the DA-dependent locomotor activity of DAT-KO mice was reduced in mice lacking both DAT and inactivation of certain kinases, here by scaffolding Akt along with PP2A in response to GPCR stimulation. β-arrestin 2 (Figure 1) . These behavioral deficits in βArr2- Andjelkovic, M., Jakubowicz, T., Cron, P., Ming, X.F., Han, J.W., and
